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Abstract 
Hot compression deformation was exerted on AZ31 magnesium alloy from 200ć to 420ć with the different reduction from 
10% to 50%, and the effects of deformation temperature and reduction on dynamic recrystallization were studied. The results 
show that the recrystallization behavior happened in specimens after hot compression deformation. Deformation twin belts 
crossed in the grain when specimens were deformed at low temperature, and fine recrystallization grains formed in the 
deformation belts. As temperature rising, the deformation twin belts disappeared, while recrystallization was sufficient and the 
distribution of grains size was uniform, and the grain grew up with the increasing of temperature. In addition, the work hardening 
weakened by recrystallization softening. When the specimens were deformed at 320ć under different deformation reduction, the 
deformation strengthening was still reserved partly. Dynamic recrystallization occurred only in the deformation belts when the 
specimens were deformed under small deformation reduction. With the deformation reduction increasing, the nucleus of 
recrystallization increased, and dynamic recrystallization got sufficient, and the grains became fine and uniform. 
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1. Introduction 
Magnesium alloys have excellent properties, such as low density, high specific strength, high damping capacity 
and good recycle ability, which are applied in transportation vehicles or lightweight enclosures for 3C products 
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(Pawlek and Brown, 2001; Mordike and Ebert, 2001; Liu et al., 2002). Nowadays, Die casting is the main method 
for fabrication of magnesium alloy products, while the magnesium alloy parts formed by plastic processing 
technology have higher strength, better ductility and excellent comprehensive mechanical properties than those of 
products by die casting. Magnesium and its alloy have poor plastic deformation capacity at room temperature due to 
its hexagonal-close-packed crystal structure, whose slip systems are limit. In addition, it has low alloy element 
content for AZ31 magnesium alloy, so it is difficult to obtain high strength by solid-solution treatment (Liu et al., 
2002; Barnett et al., 2004). 
However, grain refining can improve the microstructure of AZ31 magnesium alloy, which enhance the 
comprehensive mechanical properties, and thermomechanical treatment has efficient result for AZ31 magnesium 
alloy, which deformed at high temperature (Palumbo et al., 2008; Xu et al., 2009; Ebrahimia et al., 2011). As a metal 
with low stacking fault energy, dynamic recrystallization occurs easily during the course of hot deformation. 
Therefore, it is crucial to study the rule of dynamic recrystallization for magnesium alloy on controlling the 
deformation microstructure and improving its plastic property even enhancing the mechanical properties. Effects of 
deformation temperature and deformation reduction on morphology features and distribution of recrystallization 
microstructure were investigated during the course of hot compression deformation in this paper. 
2. Experimental procedures  
An ingot of AZ31 magnesium alloy was prepared for experiment, whose actual composition was listed in table 1. 
The actual chemical composition of the alloy was determined by an inductively coupled plasma atomic emission 
spectrometry (ICP-AES) analyzer.   
   Table 1 Chemical composition of used AZ31 magnesium alloy (wt %)  
Al Zn Mn Fe Cu Ni Si Mg 
2.57 1.03 0.24 0.005 0.0078 0.0008 0.065 Bal. 
 
The specimens were cut from as-cast ingot by wire cut electric discharge machine, which has the dimension of 
14mmh14mmh20mm. Firstly, the specimens were heated at 390ć for 10h for homogenizing treatments, then 
cooling with the stove. Secondly, solution-treated was taken at 425ć for 8h, then quenched into cool water. The 
specimens were covered the graphite powder for preventing oxidation of magnesium alloy during the homogenizing 
and solution treatments. Finally, we focused on the factors of deformation temperature and deformation reduction 
for subsequent hot compression deformation. The tests of effect of deformation temperature on microstructure 
adopted 200ć, 240ć, 280ć, 320ć, 360ć, 380ć, 400ć and 420ć, respectively, and the deformation reductions 
of 10%, 20%, 30%, 40% and 50% were applied for studying the effect of deformation reduction on its 
microstructure and mechanical properties. The specimens were polished mechanically and chemically etched in a 
solution of 4ml oxalic acid + 96ml water for 10 to 20s. The microstructures of all specimens were observed by an 
optical microscope (OM). The Vickers hardness (HV) of specimens was measured on a Vickers microhardness 
tester (HVS-1000) with a loading force of 9.8N and dwelling time for 10s. The HV values were measured 5 points at 
least. 
3. Results and discussions 
3.1. Effect of deformation temperature on microstructure and properties 
According to the Mg-Al binary alloy phase diagram, the microstructure of AZ31 magnesium alloy consist of  
primary phase of Į-Mg and little mount of ȕ-Mg17Al12 phase precipitated from nonequilibrium solidification process. 
The microstructure of specimens of AZ31 magnesium alloy after homogenizing treatment was shown in figure 1. 
The cast dendrite microstructure was basically eliminated, and the second phase dissolved into the substrate. In 
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addition, a little Mg17Al12 fine particle distributed in grain or along grain boundaries. Its grains are coarse and 
nonuniform. 
After solid solution treatment, the specimens were exerted of hot compression deformation with 30% at 200ć, 
240ć, 280ć, 320ć, 360ć, 380ć, 400ć and 420ć, respectively, then air cooling after holding 5 minutes. The 
microstructure of specimens with 100 times amplifier was shown in figure 2. Figure 2a is the morphology of 
specimen deformed at 200ć deformation, from it there are many crossing deformation belts. The deformation belts 
decreased with increasing of the deformation temperature. The belts in 240ć ˄Figure 2b˅is obviously less than 
that of 200ć (Figure 2a), and there is hardly deformation belts at 280ć. 
 
Fig. 1. Micro-morphology of AZ31 alloy after homogenizing treatment 
 
Fig. 2. Micro-morphology of AZ31 alloy after deformation with 30% (a) 200ć; (b) 240ć 
Figure 3 is the high amplifier microstructure of different specimens deformed at each temperature. The micro-
morphology show that there are many fine grains in deformation belts due to dynamic recrystallization deformed at 
low temperature. Many dislocations aggregated and tangled, so a large amount of twins formed due to the higher 
storage energy (Liu et al., 2002). The recrystallized nucleation happened easily in this zone (Palumbo et al., 2008), 
and the recrystallizing hardly happen in the zone far from the deformation belts due to low storage energy. The 
recrystallizing grains grew up with increasing temperature (Figure 3b), even recrystallization happen extend out of 
the deformation belts, and more and more recrystallizing grains formed (Figure 3c). The nucleate rate of 
recrystallizing increased and the growing rate of grains increased due to the enhancing of thermal activation with the 
increasing of deformation temperature. The figures (Figure 3d,e,f) show that the recrystallization was taken 
thoroughly, and initial grains were replaced by recrystallization  on the cross section of the specimen. 
The microhardness of specimens of AZ31 magnesium alloy after deformed at different temperature was to see 
figure 4. The deformation resistance reduced with increasing deformation temperature, and the work hardening 
effects were weakened by recrystallization softening. The hardness was 70HV at 200ć, which is higher than that of 
solution treated (45HV), and the work hardening effects almost remained. The hardness dropped with increasing 
50ȝm 
50ȝm 50ȝm 
(a) (b) 
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deformation temperature, and maintains a constant value of 55HV or so. It show that there was a dynamic balance 
between work hardening and recrystallization softening. 
 
 
 
Fig. 3. Micro-morphology of AZ31 alloy (a) 200ć, (b)240ć, (c) 280ć, (d)320ć, (e)360ć, (f)380ć 
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Fig. 4. Hardness of specimens after deformation at different temperature with 30% reduction 
3.2. Effect of deformation reduction on microstructure and properties  
According to the above results, the recrystallization became sufficient at 320ć. Therefore, different deformation 
reduction were exerted at this temperature in order to prevent from grain coarsening, and the reduction are 10%, 
20%, 30%, 40% and 50%, respectively. After deformed with 10%, dynamic recrystallization happened in the deform 
belts. The driving force of dynamic recrystallization is the distortional energy difference, i.e. dislocation density 
difference, which is decided by dislocation density and distribution (Barnett et al., 2004). When the deformation 
reduction is low, high distortional energy is high only in deformation belts, so a little amount of fine recrystallization 
grains formed only in deformation belts. When the reduction is 20% (Figure 5b), the recrystallization grains grew up 
along the boundary with initial grain and enclose the original grain. The higher storage energy is and the higher 
dislocation density is, the more nucleus are and the more fine dynamic recrystallization grains is with increasing the 
deformation temperature. 
The microhardness curve of specimens of AZ31magnesium alloy is to see figure 6 deformed at 320ć with 
different deformation reduction. From the curve, the dynamic recrystallization happen in the specimens, while 
working hardening effect is kept partly. The hardness increased with rising deformation reduction, while the 
reduction is limit, which is a few HV. The work hardening is lower and the recrystallization is not sufficient with 
low deformation reduction (Xu et al., 2009; Ebrahimia et al., 2011). The effect of work hardening enhanced with 
increasing of deformation reduction, while the recrystallization softening is strong. So the hardness increased a little, 
and its value got a peak when the reduction is over 30%. 
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Fig. 5. Micro-morphology of AZ31 alloy deformation at 320ć (a) 10%, (b) 20%, (c) 30%, (d)40% 
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Fig. 6. Hardness of specimens after deformation at 320ć 
4. Conclusions  
(1) The recrystallization behavior happens in specimens after hot compression deformation on AZ31 magnesium 
alloy. 
(2) Deformation twin belts crossed in the grain when specimens were deformed with 30% at low temperature, 
and fine recrystallization grains formed in the deformation belts. As temperature rising, the deformation twin belts 
disappeared, while recrystallization was sufficient and the distribution of grains size was uniform deformed at 320ć. 
(3) When the specimens were deformed at 320ć  under different deformation reduction, the deformation 
strengthening was still reserved partially. Dynamic recrystallization occurred only in the deformation belts when the 
specimens were deformed under the low deformation reduction. With the deformation reduction increasing, the 
nucleus of recrystallization increased, and dynamic recrystalization got sufficient, and the grains became fine and 
uniform. 
Acknowledgements 
This work was supported by Henan University of Technology of china under Grant No. 2009BS011 and 
Foundation of Henan Educational Committee under Grant No. 2010B430005. 
20ȝm 20ȝm 
(c) (d) 
67 Gangyi Cai et al. /  Physics Procedia  50 ( 2013 )  61 – 67 
References 
Pawlek, R P., Brown, R B., 2001. World Primary and Secondary Magnesium Review. Light Metal Age 59, 50–57. 
Mordike, B L., Ebert T., 2001. Magnesium Properties-Application-Potential. Materials Science and Engineering A302, 37–45. 
Liu Zheng., Zhang Kui., Zeng Xiaoqin., 2002. The basic theory and application of magnesium based light alloy. China Machine Press, Beijing, 
pp.169. 
Barnett, M R., Keshavarz, Z., Beer, A G., Atwell, D., 2004. Influence of Grain Size on the Compressive Deformation Wrought Mg-3Al-1Zn. 
Acta Materialia 52, 5093–5103. 
Palumbo, G., Sorgente, D., Tricarico, L., 2008. Numerical Experimental Analysis of Thin Magnesium Alloy Stripes Subjected to Stretch-bending. 
Mater Process Tech 201, 183–188. 
Xu, S W., Kamado, S., Matsumoto, N., Honma, T., Kojima, Y., 2009. Recrystallization Mechanism of as-Cast AZ91 Magnesium Alloy during 
Hot Compressive Deformation. Materials Science and Engineering A527, 52–60. 
Ebrahimia, G R., Maldara, A R., Ebrahimib, R., Davoodia, A., 2011. Effect of Thermomechanical Parameters on Dynamically Recrystallized 
Grain Size of AZ91 Magnesium Alloy. Journal of Alloys and Compounds 509, 2703–2708. 
 
